background: Pregnancies conceived by IVF are at increased risk of pre-eclampsia (PE). This study examines the potential mechanism for such association by examining the effect of method of conception on placentation as assessed by uterine artery Doppler at 11-13 weeks' gestation.
Introduction
An increasing proportion of pregnancies are conceived by assisted reproduction technology (ART). Several studies have reported that in ART pregnancies, the incidence of pre-eclampsia (PE) is higher than in spontaneous conceptions (Helmerhorst et al., 2004; Jackson et al., 2004; McDonald et al., 2009; Chaveeva et al., 2011) . PE affects 2% of pregnancies and is a major cause of maternal and perinatal morbidity and death (ACOG, 2002; Hö gberg, 2005) . There is evidence that PE is not a homogeneous condition; early onset severe disease requiring delivery before 34 weeks (early-PE) is associated with impaired placentation because of defective or absent remodelling of the myometrial segment of the utero-placental arteries (Brosens et al., 1972 (Brosens et al., , 2010 Khong et al., 1986; Meekins et al., 1995) , whereas late-PE is thought to be a manifestation of an underlying metabolic disorder with increased insulin resistance (Bosio et al., 1999; Kaaja et al., 1999; Moldenhauer et al., 2003; D'Anna et al., 2006; Egbor et al., 2006) .
In normal pregnancy, the spiral arteries in the placental bed are invaded by trophoblast, which becomes incorporated into the vessel wall and replaces the endothelium, muscular layer and neural tissue (Brosens et al., 1972 (Brosens et al., , 2010 Khong et al., 1986; Meekins et al., 1995) . These physiological changes convert the spiral arteries from narrow muscular vessels to wide non-muscular channels independent of maternal vasomotor control. This process of placentation is reflected in the measurement of impedance to flow in the uterine arteries which can be investigated by the measurement of uterine artery pulsatility index (PI) (Yu et al., 2005; Plasencia et al., 2007) .
The aim of this study is to examine the possible effect of IVF and the use of ovulation induction (OI) drugs without IVF on placentation as documented by the measurement of uterine artery PI at 11 -13 weeks' gestation.
Materials and Methods

Screening study population
This was a prospective screening study for adverse obstetric outcomes in women attending for their routine first hospital visit during pregnancy at King's College Hospital, London, UK and Medway Maritime Hospital, Kent, UK. This visit, which is held at 11 +0 -13 +6 weeks of gestation, includes recording of maternal demographic characteristics and previous obstetric and medical history, measurement of maternal weight and height and calculation of the BMI, ultrasound examination for the measurement of the fetal crown-rump length (CRL) to determine gestational age (Robinson and Fleming, 1975) , measurement of the fetal nuchal translucency thickness as part of screening for aneuploidies (Snijders et al., 1998) , examination of the fetal anatomy for the diagnosis of major fetal defects and Doppler assessment of the uterine arteries with measurement of PI (Plasencia et al., 2007) . Written informed consent was obtained from the women agreeing to participate in the study, which was approved by King's College Hospital Ethics Committee. A second ultrasound examination for fetal biometry and examination of the fetal anatomy is carried out at 20 -24 weeks. In the neonatal period, all babies are examined by a pediatrician. Data on pregnancy outcome are collected from the hospital maternity records or the general medical practitioners of the women.
In this study, which was conducted between March 2006 and October 2009, we examined the relationship between method of conception (spontaneous, IVF, OI without IVF) with uterine artery PI and PE. We excluded pregnancies conceived by intrauterine insemination because we did not have data on whether or not they had received OI drugs, those with fetal aneuploidies or major defects diagnosed either prenatally or in the neonatal period and pregnancies ending in termination for psychosocial reasons.
Maternal characteristics and obstetric history
Patients complete a questionnaire on maternal age, racial origin (Caucasian, African, South Asian, East Asian and mixed), method of conception (spontaneous, IVF, use of OI drugs without IVF or intrauterine insemination), cigarette smoking during pregnancy (yes or no), history of chronic hypertension (yes or no), history of diabetes mellitus (yes or no), family history of PE in the mother of the pregnant woman (yes or no) and obstetric history including PE in a previous pregnancy (yes or no). The questionnaire was then reviewed by a doctor together with the patient.
Uterine artery PI
Uterine artery Doppler was performed transabdominally by sonographers who had received the Certificate of Competence in Doppler of the Fetal Medicine Foundation (www.fetalmedicine.com). A sagittal section of the uterus was obtained and the cervical canal and internal cervical os were identified. The transducer was then gently tilted from side to side and colourflow mapping was used to identify each uterine artery adjacent to the cervix and uterus at the level of the internal os. Pulsed wave Doppler was used with the sampling gate set at 2 mm to cover the whole vessel and care was taken to ensure that the angle of insonation was ,308. When three similar consecutive waveforms were obtained, the PI was measured and the mean PI of the left and right arteries was calculated.
Pre-eclampsia
The definition of PE was that of the International Society for the Study of Hypertension in Pregnancy (Brown et al., 2001) . The diastolic blood pressure should be 90 mmHg or more on at least two occasions at 4 h apart, developing after 20 weeks of gestation in previously normotensive women, together with proteinuria of 300 mg or more over 24 h or two readings of at least ++ on dipstick analysis of midstream or catheter urine specimens if no 24-h collection is available. In PE superimposed on chronic hypertension, significant proteinuria (as defined above) should develop after 20 weeks of gestation in women with known chronic hypertension (history of hypertension before conception or the presence of hypertension at the booking visit before 20 weeks of gestation in the absence of trophoblastic disease).
Statistical analysis
Maternal and fetal characteristics in the IVF, OI and spontaneous conception groups were compared using the x 2 test or Fisher's exact test for categorical variables and Mann -Whitney U-test with post hoc Bonferroni correction for continuous variables. The data on uterine artery mean PI were made Gaussian after logarithmic transformation. Univariate and multivariate regression analysis was performed to examine whether method of conception had a significant contribution in predicting log 10 uterine artery PI. In the spontaneous conception group, multivariate regression analysis was performed to derive a model for the prediction of log 10 uterine artery PI and the measured PI in each patient was expressed as a multiple of the expected median (MoM) calculated from this model. The median uterine artery PI MoM in the IVF and OI groups was compared with the spontaneous conception group using MannWhitney U-test with post hoc Bonferroni correction. Multivariate logistic regression analysis was carried out to estimate the contribution of method of conception in addition to maternal characteristics and obstetric history in the prediction of early-and late-PE. The statistical software package SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was used for data analyses.
Results
Study population
During the study period, we carried out an ultrasound examination at 11-13 weeks which included measurement of uterine artery PI in 29 810 singleton pregnancies with a live fetus and CRL of 45-84 mm. We excluded from further analysis 50 (0.2%) cases because they were conceived by intrauterine insemination, 1810 (6.1%) because there were no or incomplete data on pregnancy outcome and 417 (1.4%) because of prenatal or post-natal diagnosis of aneuploidies or major defects and 64 (0.2%) cases because of pregnancy termination.
In the 27 461 cases included in the study, conception was spontaneous in 26 538 (96.6%), by OI in 497 (1.8%) and by IVF in 426 (1.6%), including 31 in which conception was by ovum donation. The maternal and pregnancy characteristics of the study population are shown in Table I . In the OI and IVF groups, compared with the spontaneous conception group, the maternal age was higher and fewer women were cigarette smokers. In the OI group more women had diabetes mellitus and in the IVF group there were fewer women of African racial origin, while more were nulliparous and had chronic hypertension. The incidence of early-PE was increased in the IVF but not in the OI group.
Uterine artery PI
Univariate regression analysis demonstrated that in the prediction of log 10 uterine artery PI, there was a significant contribution from conception by IVF, but not from conception by OI (Table II) . Multiple regression analysis demonstrated that significant contributions in explaining log 10 uterine artery PI were provided from fetal CRL, maternal age, weight, racial origin, smoking status, previous history of PE, but not from method of conception, family history of PE in the mother or history of chronic hypertension and diabetes mellitus.
The median uterine artery PI MoM in the IVF group and OI groups were not significantly different from the spontaneous conception pregnancies (1.02, 1.03 and 1.01 MoM, respectively; P ¼ 0.870 and P ¼ 0.296).
Early-and late-PE
The incidence of PE was 2.4% (663 of 27 461), including 101 (0.4%) with early-PE and 562 (2.0%) with late-PE. The birthweight of the neonates was below the 5th percentile for gestational age at delivery in 48.5% (49 of 101) of the early-PE group, in 16.9% (95 of 562) of those with late-PE and in 5.3% (1403 of 26 537) in those with no PE. Logistic regression analysis demonstrated that significant contributions in the prediction of early-PE were provided from conception by IVF, maternal weight, height, racial origin, previous and family history of PE and history of chronic hypertension, but not from conception by OI, maternal age, smoking or history of diabetes mellitus (Table III) .
Significant contributions in the prediction of late-PE were provided from maternal age, weight, height, racial origin, previous and family history of PE and history of chronic hypertension, but not from conception by IVF or OI, smoking status or history of diabetes mellitus.
Discussion
The findings of this study demonstrate that conception by IVF is associated with a 4-fold increase in risk for early-PE, but the underlying mechanism for this association is unlikely to be mediated by impaired placental perfusion.
We have recently reported on the combined results of seven studies on the outcome of a total of 4238 IVF pregnancies, compared with 638 416 spontaneously conceived pregnancies, that the summary odds ratio for PE was 1.76 [95% confidence interval (CI) 1.34 -2.31] (Tanbo et al., 1995; Zadori et al., 2003; Kallen et al., 2005; Shevell et al., 2005; Chen et al., 2009; Sun et al., 2009; Chaveeva et al., 2011) . In most of these studies the data were provided for total PE, rather than early and late onset disease. In our study, we used multiple regression analysis of all the maternal characteristics known to affect the risk for PE and demonstrated that IVF had a significant additional contribution in substantially increasing the risk for early-PE. In the IVF pregnancies, there was also an increase in late-PE but presumably because of the small number of cases examined this did not reach statistical significance. In contrast to IVF, in the OI pregnancies, the risk of PE was not significantly increased in either this or the previous studies (Tanbo et al., 1995; Zadori et al., 2003; Kallen et al., 2005; Shevell et al., 2005; Chen et al., 2009; Sun et al., 2009; Chaveeva et al., 2011) . Unfortunately we did not have the necessary data to examine PE in relation to the causes of subfertility or the different regimes for OI. There is extensive evidence from histological and Doppler studies that a high proportion of pregnancies developing early-PE have defective or absent remodelling of the myometrial segment of the utero-placental arteries with a consequent increase in the impedance to flow in the uterine arteries manifested as increased PI (Papageorghiou et al., 2001 (Papageorghiou et al., , 2004 Yu et al., 2005; Plasencia et al., 2007; Brosens et al., 2010) . It was therefore hypothesized that the observed association between IVF and increased risk for early-PE would be mediated by impaired placentation manifested in increased uterine artery PI.
Uterine artery PI normally decreases with gestational age and is affected by maternal characteristics including a decrease in PI with age and weight and higher PI in women of African racial origin, in cigarette smokers and in those with previous history of PE. Consequently, in investigating the potential effect of IVF on uterine artery PI, we performed multiple regression analysis to take into account these maternal characteristics and found that after adjustment for these factors, there was no significant difference in uterine artery PI between the IVF and spontaneously conceived pregnancies. A previous case-control study comparing 31 IVF and 62 spontaneously conceived pregnancies has also reported no significant difference between the groups in uterine artery PI at 11 -13 weeks (Prefumo et al., 2007) . Low-dose aspirin, which inhibits vasoconstriction and platelet aggregation, may improve the development of placental vasculature and reduce the risk for PE. Randomized studies reported that the prophylactic use of aspirin reduces the risk of developing PE by about 10% (Askie et al., 2007) . Recent evidence suggests that in pregnancies with increased impedance to flow in the uterine arteries, the prophylactic use of low-dose aspirin started before 16 weeks' gestation may reduce the risk of PE by more than 50% (Bujold et al., 2009) . A small randomized study in women undergoing IVF reported that use of low-dose aspirin commenced at the time of ovarian stimulation and continued until delivery did not reduce the incidence of PE compared with women receiving placebo (Haapsamo et al., 2009) . The implications of these studies are that firstly, the effect of prophylactic low-dose aspirin appears to be greatest when given early in pregnancy during the process of placentation to women with documented evidence of impaired placental perfusion, and secondly, in IVF pregnancies aspirin may not be effective in preventing PE because the underlying mechanism for this disease in such pregnancies is not impaired placental perfusion.
In conclusion, conception by IVF increases substantially the risk for early-PE through a mechanism unrelated to clinically measurable impairment in placental perfusion. 
